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(54) PITCH LOCK SYSTEM

(57)  Apitchlock system (200, 400)including an outer
member (204, 206, 318) having a centerline axis (12,
112, 312), an inner member (210, 405) located radially
inward of the outer member (204, 206, 318) with respect
to the centerline axis (12, 112, 312), and a plurality of
clutch elements (208, 402, 404) located between the out-
er member (204, 206, 318) and the inner member (210,
405). The pitch lock system (200, 400) has a disengaged

position (1200) and an engaged position (1300, 1400).
In the engaged position (1300, 1400), the plurality of
clutch elements (208,402, 404) are constrained between
the inner member (210, 405) and the outer member (204,
206, 318) such that relative axial direction of the plurality
of clutch elements (208, 402, 404) is permitted in only
one direction. An engine (10) includes a pitch actuator
(58, 66) and the pitch lock system (200, 400).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to a
pitch lock system.

BACKGROUND

[0002] A turbine engine generally includes a fan and a
core section arranged in flow communication with one
another. The fan includes one or more blades.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The foregoing and other features and advan-
tages will be apparent from the following, more particular,
description of various exemplary embodiments, as illus-
trated in the accompanying drawings, wherein like refer-
ence numbers generally indicate identical, functionally
similar, and/or structurally similar elements.

FIG. 1 illustrates a schematic view of an unducted,
three-stream gas turbine engine, taken along a cen-
terline axis of the engine, according to the present
disclosure.

FIG. 2 illustrates a schematic perspective view of a
hub assembly, according to the present disclosure.
FIG. 3 illustrates a schematic, cross-sectional view
of the hub assembly of FIG. 2 in a first position, taken
along an axis 3-3 in FIG. 2, according to the present
disclosure.

FIG. 4 illustrates a schematic, cross-sectional view
of the hub assembly of FIG. 3 in a second position,
according to the present disclosure.

FIG. 5 illustrates a schematic, cross-sectional view
of the hub assembly of FIG. 3 with fluid illustrated in
chambers of the hub assembly, according to the
present disclosure.

FIG. 6illustrates a schematic, partial cross-sectional
view of a pitch lock system of the hub assembly of
FIG. 3, according to the present disclosure.

FIG. 7 illustrates a schematic, partial perspective
cross-sectional view of the pitch lock system of FIG.
6, according to the present disclosure.

FIG. 8 illustrates a schematic, partial perspective
cross-sectional view of the pitch lock system of FIG.
6, according to the present disclosure.

FIG. 9A illustrates a schematic, partial perspective
cross-sectional view of an outer sleeve of the pitch
lock system of FIG. 6, according to the present dis-
closure.

FIG. 9B illustrates a detailed view of the outer sleeve
of FIG. 9A, according to the present disclosure.
FIG. 10A illustrates a schematic, partial perspective
cross-sectional view of an inner sleeve of the pitch
lock system of FIG. 6, according to the present dis-
closure.
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FIG. 10B illustrates a schematic, partial perspective
cross-sectional view of the inner sleeve of FIG. 10A,
according to the present disclosure.

FIG. 11 illustrates a schematic, partial perspective
view of a clutch plate of the pitch lock system of FIG.
6, according to the present disclosure.

FIG. 12A illustrates a schematic, cross-sectional
view of the pitch lock system of FIG. 6 in a disen-
gaged position, according to the present disclosure.
FIG. 12B illustrates a schematic view of the clutch
plates in the disengaged position of FIG. 12A, ac-
cording to the present disclosure.

FIG. 13A illustrates a schematic, cross-sectional
view of the pitch lock system of FIG. 6 in a first en-
gaged position, according to the present disclosure.
FIG. 13B illustrates a schematic view of the clutch
plates in the first engaged position of FIG. 13A, ac-
cording to the present disclosure.

FIG. 14A illustrates a schematic, cross-sectional
view of the pitch lock system of FIG. 6 in a second
engaged position, according to the present disclo-
sure.

FIG. 14B illustrates a schematic view of the clutch
plates in the second engaged position of FIG. 14A,
according to the present disclosure.

FIG. 15 illustrates a schematic, perspective cross-
sectional view of a hub assembly, taken along a cen-
terline axis, according to the present disclosure.
FIG. 16 illustrates a schematic, cross-sectional view
of a pitch lock system of the hub assembly of FIG.
15, according to the present disclosure.

FIG. 17 illustrates a schematic, cross-sectional view
of a pitch lock system of the hub assembly of FIG.
15, according to the present disclosure.

FIG. 18 illustrates a schematic, cross-sectional view
of the hub assembly of FIG. 15 with fluid illustrated
in chambers of the hub assembly, according to the
present disclosure.

DETAILED DESCRIPTION

[0004] Additional features, advantages, and embodi-
ments of the present disclosure are set forth or apparent
from a consideration of the following detailed description,
drawings, and claims. Moreover, both the foregoing sum-
mary of the present disclosure and the following detailed
description are exemplary and intended to provide further
explanation without limiting the scope of the disclosure
as claimed.

[0005] Various embodiments of the presentdisclosure
are discussed in detail below. While specific embodi-
ments are discussed, this is done forillustration purposes
only. A person skilled in the relevant art will recognize
that other components and configurations may be used
without departing from the spirit and the scope of the
present disclosure.

[0006] As used herein, the terms "first" and "second"
may be used interchangeably to distinguish one compo-
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nent from another and are not intended to signify location
or importance of the individual components.

[0007] The terms "upstream" and "downstream" refer
to the relative direction with respect to fluid flow in a fluid
pathway. For example, "upstream" refers to the direction
from which the fluid flows, and "downstream" refers to
the direction to which the fluid flows.

[0008] The terms "forward" and "aft" refer to relative
positions within a turbine engine or vehicle, and refer to
the normal operational attitude of the turbine engine or
vehicle. For example, with regard to a turbine engine,
forward refers to a position closer to an engine inlet and
aft refers to a position closer to an engine nozzle or ex-
haust.

[0009] As used herein, the terms "low," "mid" (or "mid-
level"), and "high," or their respective comparative de-
grees (e.g., "lower" and "higher", where applicable),
when used with compressor, turbine, shaft, fan, or turbine
engine components, each refers to relative pressures,
relative speeds, relative temperatures, and/or relative
power outputs within an engine unless otherwise speci-
fied. For example, a "low power" setting defines the en-
gine configured to operate at a power output lower than
a "high power" setting of the engine, and a "mid-level
power" setting defines the engine configured to operate
at a power output higher than a "low power" setting and
lower than a "high power" setting. The terms "low," "mid"
(or "mid-level") or "high" in such aforementioned terms
may additionally, or alternatively, be understood as rel-
ative to minimum allowable speeds, pressures, or tem-
peratures, or minimum or maximum allowable speeds,
pressures, or temperatures relative to normal, desired,
steady state, etc., operation of the engine.

[0010] The terms "coupled," "fixed," "attached," "con-
nected," and the like, refer to both direct coupling, fixing,
attaching, or connecting, as well as indirect coupling, fix-
ing, attaching, or connecting through one or more inter-
mediate components or features, unless otherwise spec-
ified herein.

[0011] The singular forms "a," "an," and "the" include
plural references unless the context clearly dictates oth-
erwise.

[0012] As used herein, the terms "axial" and "axially"
refer to directions and orientations that extend substan-
tially parallel to a centerline of the turbine engine. More-
over, the terms "radial" and "radially" refer to directions
and orientations that extend substantially perpendicular
to the centerline of the turbine engine. In addition, as
used herein, the terms "circumferential" and "circumfer-
entially" refer to directions and orientations that extend
arcuately about the centerline of the turbine engine.
[0013] Gas turbine engines include blades that have a
variable pitch. The pitch may be tuned in coarse and fine
directions with a pitch actuator. The pitch actuator may
include crankshafts or trunnions coupled to a rack and
pinion system. The pitch actuator is a hydraulic actuator.
If there is a failure in the hydraulic system, the centrifugal
twisting moment (CTM) of the blades will cause the pitch
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actuator and the blades to move to the fine direction. In
order to prevent this condition, a pitch lock system will
automatically lock the pitch actuator from moving to the
fine direction when the failure (e.g., a loss of pressuriza-
tion) in the hydraulic actuator occurs.

[0014] Accordingly, the present disclosure describes
hub assemblies that effectuate pitch change of fan
blades. The hub assemblies include two functional ele-
ments: a hydraulic linear actuator and a mechanical pitch
lock system. The hydraulic linear actuator includes two
chambers, a first chamber to actuate the coarse pitch
and a second chamber to actuate the fine pitch. Func-
tionally in parallel to the actuator, is a mechanical pitch
lock system. The mechanical pitch lock system provides
a linear one-way clutch. The pitch lock system of the
present disclosure utilizes a follower-style pitch lock sys-
tem that tracks with the axial stroke of the linear actuator.
[0015] In a first example, the pitch lock system of the
present disclosure, via one or more clutch plates, trans-
fers the propeller loads, from an inner shaft (coupled with
an outer cylinder) to the outer cylinder (coupled with the
piston) allowing the propeller to pitch lock when required.
In such an arrangement, the clutch plates are locking
between the inner shaft and the outer cylinder in one
direction only (e.g., in the fine pitch direction). The en-
gagement of the clutch elements is piloted by an "on/off
switch" chamber. In normal operation, the on/off switch
chamber is continuously pressurized, preventing the
clutch plates to engage. If, and when, oil pressure drops,
the preload provided by engagement springs push the
clutch elements on the inner shaft, ultimately resulting in
the blockage of relative axial motion of the inner and outer
members toward the fine pitch.

[0016] In a second example, the pitch lock system of
the present disclosure, via one or more roller elements,
transfers the propeller loads, from an outer race (coupled
with a cylinder) to an inner race (coupled with a piston)
allowing the propeller to pitch lock. In such an arrange-
ment the rolling elements are locking up between the
inner race and the outer race in one direction only. The
engagement of the rolling elements is piloted by an
"on/off switch" chamber. In normal operation, the on/off
switch chamber is continuously fed, preventing the clutch
to engage. If, and when, oil pressure drops, the preload
provided by engagement springs push the rolling ele-
ments on the inner race ramps in order to engage with
the outer races, ultimately resulting in the blockage of
relative axial motion of the inner and outer races toward
the fine pitch.

[0017] FIG. 1 shows a schematic view of an unducted,
three-stream, gas turbine engine 10 for an aircraft that
may incorporate one or more embodiments of the present
disclosure. The gas turbine engine 10 is a "three-stream
engine" in that its architecture provides three distinct
streams (labeled S1, S2, and S3) of thrust-producing air-
flow during operation, as detailed further below.

[0018] As shown in FIG. 1, the gas turbine engine 10
defines an axial direction A, a radial direction R, and a



5 EP 4 400 416 A1 6

circumferential direction C. Moreover, the gas turbine en-
gine 10 defines a centerline axis 12 that extends along
the axial direction A. In general, the axial direction A ex-
tends parallel tothe centerline axis 12, the radial direction
R extends outward from, and inward to, the centerline
axis 12 in a direction orthogonal to the axial direction A,
and the circumferential direction C extends three hun-
dred sixty degrees (360°) around the centerline axis 12.
The gas turbine engine 10 extends between a forward
end 14 and an aftend 16, e.g., along the axial direction A.
[0019] The gas turbine engine 10 includes a core en-
gine 20 and a fan assembly 50 positioned upstream
thereof. Generally, the core engine 20 includes, in serial
flow order, a compressor section, a combustion section,
a turbine section, and an exhaust section. Particularly,
asshowninFIG. 1, the core engine 20 includes an engine
core 18 and a core cowl 22 that annularly surrounds the
core engine 20. The engine core 18 includes a high-pres-
sure (HP) compressor 28, a combustor 30, and a high-
pressure (HP) turbine 32. The core engine 20 and the
core cowl 22 define a core inlet 24 having an annular
shape. The core cowl 22 further encloses and supports
a low-pressure (LP) compressor 26 (also referred to as
a booster) for pressurizing the air that enters the core
engine 20 through core inlet 24. The HP compressor 28
receives pressurized air from the LP compressor 26 and
furtherincreases the pressure of the air. The pressurized
air flows downstream to the combustor 30 where fuel is
injected into the pressurized air and ignited to raise the
temperature and the energy level of the pressurized air,
thereby generating combustion gases.

[0020] The combustion gases flow from the combustor
30 downstream to the HP turbine 32. The HP turbine 32
drives the HP compressor 28 through a first shaft, also
referred to as a high-pressure (HP) shaft 36 (also referred
to as a high-speed shaft). In this regard, the HP turbine
32 is drivingly coupled with the HP compressor 28. The
combustion gases then flow to a power turbine or low-
pressure (LP) turbine 34. The LP turbine 34 drives the
LP compressor 26 and components of the fan assembly
50 through a second shaft, also referred to as a low-
pressure (LP) shaft 38 (also referred to as a low-speed
shaft). Inthis regard, the LP turbine 34 is drivingly coupled
with the LP compressor 26 and components of the fan
assembly 50. The low-speed shaft 38 is coaxial with the
high-speed shaft 36 in the embodiment of FIG. 1. After
driving each of the HP turbine 32 and the LP turbine 34,
the combustion gases exit the engine core 18 through a
core exhaust nozzle 40. The core engine 20 defines a
core flowpath, also referred to as a core duct 42, that
extends between the core inlet 24 and the core exhaust
nozzle 40. The core duct 42 is an annular duct positioned
generally inward of the core cowl 22 along the radial di-
rection R.

[0021] The fan assembly 50 includes a primary fan 52.
For the embodiment of FIG. 1, the primary fan 52 is an
open rotor fan, also referred to as an unducted fan. How-
ever, in other embodiments, the primary fan 52 may be
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ducted, e.g., by afan casing or a nacelle circumferentially
surrounding the primary fan 52. The primary fan 52 in-
cludes an array of fan blades 54 (only one shown in FIG.
1). The fan blades 54 are rotatable about the centerline
axis 12 via a fan shaft 56. As shown in FIG. 1, the fan
shaft 56 is coupled with the low-speed shaft 38 via a
speed reduction gearbox, also referred to as a gearbox
assembly 55, e.g., in an indirectdrive configuration. The
gearbox assembly 55 is shown schematically in FIG. 1.
The gearbox assembly 55 includes a plurality of gears
for adjusting the rotational speed of the fan shaft 56 and,
thus, the primary fan 52 relative to the low-speed shaft
38 to a more efficient rotational fan speed. The fan gear-
box assembly may have a gear ratio of 4:1 to 12:1, or
7:1to12:1,0r4:1to 10:1, or 5:1t0 9:1, or 6:1 to 9:1, and
may be configured in an epicyclic star or planet gear con-
figuration. The gearbox may be a single stage or com-
pound gearbox.

[0022] The fan blades 54 can be arranged in equal
spacing around the centerline axis 12. Each fan blade
54 has arootand a tip, and a span defined therebetween.
Each fan blade 54 defines a central blade axis 57. For
the embodiment of FIG. 1, each fan blade 54 of the pri-
mary fan 52 is rotatable about their respective central
blade axis 57, e.g., in unison with one another. One or
more actuators 58 are controlled to pitch the fan blades
54 about their respective central blade axis 57. In other
embodiments, each fan blade 54 is fixed or is unable to
be pitched about the central blade axis 57.

[0023] The fan assembly 50 further includes a fan
guide vane array 60 that includes fan guide vanes 62
(onlyone showninFIG. 1)disposed around the centerline
axis 12. For the embodiment of FIG. 1, the fan guide
vanes 62 are not rotatable about the centerline axis 12.
Each fan guide vane 62 has a root and a tip, and a span
defined therebetween. The fan guide vanes 62 can be
unshrouded as shown in FIG. 1 or can be shrouded, e.g.,
by an annular shroud spaced outward from the tips of
the fan guide vanes 62 along the radial direction R. Each
fan guide vane 62 defines a central vane axis 64. For the
embodiment of FIG. 1, each fan guide vane 62 of the fan
guide vane array 60 is rotatable about their respective
central vane axis 64, e.g., in unison with one another.
One or more actuators 66 are controlled to pitch the fan
guide vanes 62 about their respective central vane axis
64. In other embodiments, each fan guide vane 62 is
fixed or is unable to be pitched about the central vane
axis 64. The fan guide vanes 62 are mounted to a fan
cowl 70.

[0024] The fan cowl 70 annularly encases at least a
portion of the core cowl 22 and is generally positioned
outward of the core cowl 22 along the radial direction R.
Particularly, a downstream section of the fan cowl 70
extends over a forward portion of the core cowl 22 to
define a fan flowpath, also referred to as a fan duct 72.
Incoming air enters through the fan duct 72 through a fan
duct inlet 76 and exits through a fan exhaust nozzle 78
to produce propulsive thrust. The fan duct 72 is an an-
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nular duct positioned generally outward of the core duct
42 along the radial direction R. The fan cowl 70 and the
core cowl 22 are connected together and supported by
a plurality of struts 74 (only one shown in FIG. 1) that
extend substantially radially and are circumferentially
spaced aboutthe centerline axis 12. The plurality of struts
74 are each aerodynamically contoured to direct air flow-
ing thereby. Other struts in addition to the plurality of
struts 74 can be used to connect and support the fan
cowl 70 and/or the core cowl 22.

[0025] The gas turbine engine 10 also defines or in-
cludes aninletduct80. Theinletduct 80 extends between
an engine inlet 82 and the core inlet 24 and the fan duct
inlet 76. The engine inlet 82 is defined generally at the
forward end of the fan cowl 70 and is positioned between
the primary fan 52 and the fan guide vane array 60 along
the axial direction A. The inlet duct 80 is an annular duct
that is positioned inward of the fan cowl 70 along the
radial direction R. Air flowing downstream along the inlet
duct 80 is split, not necessarily evenly, into the core duct
42 and the fan duct 72 by a splitter 84 of the core cowl
22. The inlet duct 80 is wider than the core duct 42 along
the radial direction R. The inlet duct 80 is also wider than
the fan duct 72 along the radial direction R.

[0026] The fan assembly 50 also includes a mid-fan
86. The mid-fan 86 includes a plurality of mid-fan blades
88 (only one shown in FIG. 1). The plurality of mid-fan
blades 88 are rotatable, e.g., about the centerline axis
12. The mid-fan 86 is drivingly coupled with the LP turbine
34 via the low-speed shaft 38. The plurality of mid-fan
blades 88 can be arranged in equal circumferential spac-
ing about the centerline axis 12. The plurality of mid-fan
blades 88 are annularly surrounded (e.g., ducted) by the
fan cowl 70. In this regard, the mid-fan 86 is positioned
inward of the fan cowl 70 along the radial direction R.
The mid-fan 86 is positioned within the inlet duct 80 up-
stream of both the core duct 42 and the fan duct 72. A
ratio of a span of a fan blade 54 to that of a mid-fan blade
88 (a spanis measured from a root to tip of the respective
blade) is greater than two and less than ten, to achieve
the desired benefits of the third stream S3, particularly
the additional thrust the ratio offers to the gas turbine
engine 10, which may enable a smaller diameter fan
blade 54, which in turn, can benefit engine installation.
[0027] Accordingly, air flowing through the inlet duct
80 flows across the plurality of mid-fan blades 88 and is
accelerated downstream thereof. At least a portion of the
air accelerated by the mid-fan blades 88 flows into the
fan duct 72 and is ultimately exhausted through the fan
exhaust nozzle 78 to produce propulsive thrust. Also, at
least a portion of the air accelerated by the plurality of
mid-fan blades 88 flows into the core duct 42 and is ulti-
mately exhausted through the core exhaust nozzle 40 to
produce propulsive thrust. Generally, the mid-fan 86 is a
compression device positioned downstream of the en-
gine inlet 82. The mid-fan 86 is operable to accelerate
air into the fan duct 72, also referred to as a secondary
bypass passage.
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[0028] During operation of the gas turbine engine 10,
an initial or incoming airflow passes through the fan
blades 54 of the primary fan 52 and splits into a first airflow
and a second airflow. The first airflow bypasses the en-
gine inlet 82 and flows generally along the axial direction
A outward of the fan cowl 70 along the radial direction R.
The first airflow accelerated by the fan blades 54 passes
through the fan guide vanes 62 and continues down-
stream thereafter to produce a primary propulsion stream
or first thrust stream S 1. A majority of the net thrust pro-
duced by the gas turbine engine 10 is produced by the
first thrust stream S 1. The second airflow enters the inlet
duct 80 through the engine inlet 82.

[0029] The second airflow flowing downstream
through the inlet duct 80 flows through the plurality of
mid-fan blades 88 of the mid-fan 86 and is consequently
compressed. The second airflow flowing downstream of
the mid-fan blades 88 is split by the splitter 84 located at
the forward end of the core cowl 22. Particularly, a portion
of the second airflow flowing downstream of the mid-fan
86 flows into the core duct 42 through the core inlet 24.
The portion of the second airflow that flows into the core
duct 42 is progressively compressed by the LP compres-
sor 26 and the HP compressor 28, and is ultimately dis-
charged into the combustion section. The discharged
pressurized air stream flows downstream to the combus-
tor 30 where fuel is introduced to generate combustion
gases or products.

[0030] The combustor 30 defines an annular combus-
tion chamber that is generally coaxial with the centerline
axis 12. The combustor 30 receives pressurized air from
the HP compressor 28 via a pressure compressor dis-
charge outlet. A portion of the pressurized air flows into
a mixer. Fuel is injected by a fuel nozzle (omitted for
clarity) to mix with the pressurized air thereby forming a
fuel-air mixture that is provided to the combustion cham-
ber for combustion. Ignition of the fuel-air mixture is ac-
complished by one or more igniters (omitted for clarity),
and the resulting combustion gases flow along the axial
direction A toward, and into, a first stage turbine nozzle
of the HP turbine 32. The first stage turbine nozzle 33 is
defined by an annular flow channel that includes a plu-
rality of radially extending, circumferentially spaced noz-
zle vanes 35 that turn the combustion gases so that the
combustion gases flow angularly and impinge upon first
stage turbine blades of the HP turbine 32. The combus-
tion gases exit the HP turbine 32 and flow through the
LP turbine 34, and exit the core duct 42 through the core
exhaust nozzle 40 to produce a core air stream, also
referred to as a second thrust stream S2. As noted above,
the HP turbine 32 drives the HP compressor 28 via the
high-speed shaft 36, and the LP turbine 34 drives the LP
compressor 26, the primary fan 52, and the mid-fan 86,
via the low-speed shaft 38.

[0031] The other portion of the second airflow flowing
downstream of the mid-fan 86 is split by the splitter 84
into the fan duct 72. The air enters the fan duct 72 through
the fan duct inlet 76. The air flows generally along the
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axial direction A through the fan duct 72 and is ultimately
exhausted from the fan duct 72 through the fan exhaust
nozzle 78 to produce a third stream, also referred to as
the third thrust stream S3.

[0032] The third thrust stream S3 is a secondary air
stream that increases fluid energy to produce a minority
of total propulsion system thrust. In some embodiments,
a pressure ratio of the third stream is higher than that of
the primary propulsion stream (e.g., a bypass or a pro-
peller driven propulsion stream). The thrust may be pro-
duced through a dedicated nozzle or through mixing of
the secondary air stream with the primary propulsion
stream or a core air stream, e.g., into a common nozzle.
In certain embodiments, an operating temperature of the
secondary air stream is less than a maximum compres-
sor discharge temperature for the engine. Furthermore
in certain embodiments, aspects of the third stream (e.g.,
airstream properties, mixing properties, or exhaust prop-
erties), and thereby a percent contribution to total thrust,
are passively adjusted during engine operation or can be
modified purposefully through use of engine control fea-
tures (such as fuel flow, electric machine power, variable
stators, variable inlet guide vanes, valves, variable ex-
haust geometry, or fluidic features) to adjust or toimprove
overall system performance across a broad range of po-
tential operating conditions.

[0033] The gas turbine engine 10 depicted in FIG. 1is
by way of example only. In other embodiments, the gas
turbine engine 10 may have any other suitable configu-
ration. For example, in other embodiments, the primary
fan 52 may be configured in any other suitable manner
(e.g., as a fixed pitch fan) and further may be supported
using any other suitable fan frame configuration. In other
embodiments, the primary fan 52 can be ducted by a fan
casing or a nacelle such that a bypass passage is defined
between the fan casing and the fan cowl 70. Moreover,
in other embodiments, any other suitable number or con-
figuration of compressors, turbines, shafts, or a combi-
nation thereof may be provided. In still other embodi-
ments, aspects of the present disclosure may be incor-
porated into any other suitable turbine engine, such as,
for example, turbofan engines, propfan engines, turbojet
engines, turboprop, turboshaft engines, and/or turbine
engines defining two streams (e.g., a bypass stream and
a core air stream).

[0034] Further, for the depicted embodiment of FIG. 1,
the gas turbine engine 10 includes an electric machine
90, which may be a motor-generator, operably coupled
with a rotating component thereof. In this regard, the gas
turbine engine 10 is a hybrid-electric propulsion machine.
Particularly, as shown in FIG. 1, the electric machine 90
is operatively coupled with the low-speed shaft 38. The
electric machine 90 can be mechanically connected to
the low-speed shaft 38, either directly, or indirectly, e.g.,
by way of a gearbox assembly 92 (shown schematically
in FIG. 1). Further, although in this embodiment the elec-
tric machine 90 is operatively coupled with the low-speed
shaft 38 at an aft end of the low-speed shaft 38, the elec-
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tric machine 90 can be coupled with the low-speed shaft
38 at any suitable location or can be coupled to other
rotating components of the gas turbine engine 10, such
as the high-speed shaft 36 or the low-speed shaft 38.
Forinstance, in some embodiments, the electric machine
90 can be coupled with the low-speed shaft 38 and po-
sitioned forward of the mid-fan 86 along the axial direc-
tion.

[0035] In some embodiments, the electric machine 90
can be an electric motor operable to drive or to motor the
low-speed shaft 38, e.g., during an engine burst. In other
embodiments, the electric machine 90 can be an electric
generator operable to convert mechanical energy into
electrical energy. In this way, electrical power generated
by the electric machine 90 can be directed to various
engine and/or aircraft systems. In some embodiments,
the electric machine 90 can be a motor/generator with
dual functionality. The electric machine 90 includes a ro-
tor 94 and a stator 96. The rotor 94 is coupled to the low-
speed shaft 38 and rotates with rotation of the low-speed
shaft 38. In this way, the rotor 94 rotates with respect to
the stator 96, thereby generating electrical power. Al-
though the electric machine 90 has been described and
illustrated in FIG. 1 as having a particular configuration,
the present disclosure may apply to electric machines
having alternative configurations. For instance, the rotor
94 and/or the stator 96 may have different configurations
or may be arranged in a different manner than illustrated
in FIG. 1.

[0036] FIG. 2 illustrates a perspective view of a hub
assembly 100 that may be used in the gas turbine engine
10. That is, the hub assembly 100 may be used in place
of the hub assembly 53 shown in FIG. 1 to control the
pitch of the fan blades 54 shown in FIG. 1.

[0037] FIG. 3 illustrates a cross-sectional view of the
hub assembly 100 taken along the axis 3-3 in FIG. 2, in
a first position. FIG. 4 illustrates a cross-sectional view
of the hub assembly 100 of FIG. 3 in second position.
[0038] Referringto FIGS. 2 to 4, the hub assembly 100
includes a plurality of crankshafts 102 for coupling to a
respective blade (omitted from FIGS. 2 to 4 for clarity,
although this may be the fan blade 54 of FIG. 1). Each
crankshaft 102 is coupled by a link 104 to a unison ring
106. In operation, as will be described in more detail to
follow, movement of the unison ring 106 in the axial di-
rection Aalong the centerline axis 112 moves the plurality
of links 104 in the axial direction A to rotate each of the
crankshafts 102 in a direction R about a central blade
axis 157 of each blade.

[0039] With continued reference to FIGS. 2 to 4, the
hub assembly 100 includes an inner shaft assembly 108
coupled to the unison ring 106. Although shown coupled
with bolts 110, other connections are contemplated, in-
cluding a unitary construction with the unison ring 106.
The inner shaft assembly 108 includes an inner shaft 114
and a plug 116. Also coupled to the unison ring 106 with
bolts 110 is a cylinder 118. The cylinder extends circum-
ferentially around, with respect to the centerline axis 112,
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an outer surface of a piston 120 and an outer surface of
the inner shaft 114. A pitch lock system 200 is provided
radially inward of the piston 120. A piston rod 122 is cou-
pled to the piston 120 at an aft end 120a of the piston
120. Anoil sleeve 124 is located circumferentially around
an outer surface of the piston rod 122 and is coupled at
couplings 126 to the piston rod 122. Located within the
piston rod 122 is an oil transfer bearing 128 coupled to
an oil transfer bearing flexible connection 130.

[0040] Referring briefly to FIG. 5, the hub assembly
100 forms a number of chambers to allow control of the
pitch of the blades (e.g., the fan blades 54 in FIG. 1). A
first chamber 132 is formed between (1) a radially inner
surface 134 of the cylinder 118 and a radially inner sur-
face 136 of the piston 120 and (2) a radially outer surface
138 of the inner shaft assembly 108. The plug 116 and
a conical surface 140 of the radially outer surface 138
provide a forward end of the first chamber 132. An axially
forward end of the oil transfer bearing 128 provides an
aft end of the first chamber 132. As will be described in
more detail to follow, the size of the first chamber 132
may change during operation of the hub assembly 100
to control the pitch of the blade. The first chamber 132
is also referred to herein as a coarse chamber 132 or a
feather chamber 132.

[0041] A second chamber 142 is formed by a space
148 between the radially inner surface 134 of the cylinder
118 and a radially outer surface 150 of the piston rod
122. The space 148 is fluidly coupled to the oil transfer
bearing flexible connection 130 by a passage 144
through the oil transfer bearing 128 and a passage 146
through the piston rod 122. As will be described in more
detail to follow, the size of the second chamber 142 may
change during operation of the hub assembly 100 to con-
trol the pitch of the blade. The second chamber 142 is
also referred to as a fine chamber 142.

[0042] A third chamber 152 is formed by a space 224
in the pitch lock system 200. The space 224 is fluidly
coupled to a fluid source with a first conduit 154, a pas-
sage 156 in the oil transfer bearing 128 (the passage 156
is fluidly separate from the passage 144), a conduit 228,
and a passage 226 (FIG. 6) in the pitch lock system 200.
As will be described in more detail to follow, the size of
the third chamber 152 may change during operation of
the pitch lock system 200. The third chamber 152 is also
referred to as an on/off switch chamber 152.

[0043] Referring back to FIGS. 2 and 3, the hub as-
sembly 100 is controlled to alter a pitch of a blade (e.g.,
the fan blade 54 of FIG. 1) about the central blade axis
157 (e.g., the central blade axis 57 of FIG. 1). During
operation, fluid may be supplied to or removed from either
the firstchamber 132 or the second chamber 142 to affect
movement in the axial direction A. For example, when
fluid is supplied to the first chamber 132, the cylinder 118,
the inner shaft assembly 108, and the unison ring 106
move in the forward direction along the axial direction A
relative to the piston rod 122 and the piston 120. This
movement causes movement of the links 104 in the for-
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ward direction. The links 104 are coupled to the crank-
shafts 102 such that axial movement of the links 104
causes rotational movement of the crankshafts 102.
Thus, when the links 104 move in the forward direction,
the crankshafts 102 rotate in the direction R such that
the blades have a coarse pitch. When fluid is supplied to
the second chamber 142, the cylinder 118, the inner shaft
assembly 108, and the unison ring 106 move in the aft
direction along the axial direction A relative to the piston
rod 122 and the piston 120. This movement causes
movement of the links 104 in the aft direction. When the
links 104 move in the aft direction, the crankshafts 102
rotate in the direction R (opposite to the direction of ro-
tation when the links 104 are moved in a forward direc-
tion) such that the blades have a fine pitch.

[0044] The position of FIG. 3 illustrates a fine pitch (as
compared to FIG. 4). That is, the cylinder 118, the inner
shaft assembly 108, and the unison ring 106 have moved
aft to the piston rod 122 and the piston 120. Accordingly,
the position of FIG. 4 illustrates a coarse pitch (as com-
pared to FIG. 3). Thatis, the cylinder 118, the inner shaft
assembly 108, and the unison ring 106 have moved for-
ward to the piston rod 122 and the piston 120. The hub
assembly 100 is formed in a manner that allows the tran-
sition from coarse to fine to be repeatable multiple times.
Through this system, a predetermined pitch, or a desired
pitch of the blades may be achieved through control of
the fluid to the first chamber 132 and the second chamber
142. The aforementioned assembly is also referred to
herein as a pitch actuator as this is the system that ef-
fectuates change of the pitch of the fan blades.

[0045] Accordingly, the oil transfer bearing flexible
connection 130 and the oil transfer bearing flexible con-
nection 130 are static both axially and rotationally. That
is, there is no axial or rotational movement with respect
to the engine frame. The oil sleeve 124, the piston rod
122, and the piston 120 are static axially, but may rotate.
That is, there is no axial movement with respect to the
engine frame, but there may be rotational movement with
respect to the engine frame. In operation to adjust the
pitch of the blades, the unison ring 106, the inner shaft
assembly 108 (and, thus, also the inner shaft 114 and
the plug 116), and the cylinder 118 move relative to the
static features to move the links 104 and to rotate the
crankshafts 102.

[0046] Due tothe CTM of the blades acting on the cen-
tral blade axis 157, the hub assembly 100 tends to pull
to the fine position of FIG. 3. That is, the moment caused
by the weight of the blades acts toward the aft direction
to move the cylinder 118, the inner shaft assembly 108,
and the unison ring 106 toward the aft direction. Thus, if
there is a failure in the hydraulic system (e.g., loss of
hydraulic pressure to the pitch actuator), the blades will
move to the fine position. Such movement to the fine
position is not desirable because this increases the drag
on the engine. In order to prevent this undesired move-
ment to the fine position, a pitch lock system 200 is pro-
vided. The pitch lock system 200 automatically activates
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when a hydraulic failure occurs in the pitch actuator to
prevent the blades from moving more toward the fine
position shown in FIG. 3 than the position of the blade
when the hydraulic failure occurs. The pitch lock system
200 is illustrated simplistically in FIGS. 2 and 3 for clarity,
and is shown and described in more detail when referring
to FIGS. 6 to 14B.

[0047] FIGS. 6 to 14B illustrate the pitch lock system
200 in more detail. FIGS. 6 and 7 illustrate a portion of
the pitch lock system 200. The pitch lock system 200 is
located radially between the inner shaft 114 and the pis-
ton 120. A static support 202 is fixed to the piston 120.
A case 204, an outer sleeve 206, one or more clutch
plates 208, also referred to as clutch elements 208, and
an inner sleeve 210 are each located radially inward of
the static support 202. An end plate 212 is coupled to the
static support 202 with one or more fastening assemblies
214.

[0048] With continued reference to FIGS. 6 and 7, the
inner sleeve 210, also referred to as an inner member
210, includes an inner sleeve piston 216 that protrudes
radially outward from a grooved portion 218 of the inner
sleeve 210. An aft surface 220 of the inner sleeve piston
216 and a forward surface 222 of the case 204 defines
the space 224 described with respect to FIG. 5. As de-
scribed previously, a passage 226 in the case 204 and
a conduit 228 are fluidly coupled to the space 224. To-
gether, the passage 226, the conduit 228, and the space
224 form a portion of the third chamber 152. A lock nut
232 is located around the inner sleeve 210 to prevent
axial movement of a distal sleeve 230 in the aft direction.
A biasing member 234 is constrained between an aft sur-
face 236 of the case 204 and a forward surface 238 of
the distal sleeve 230. The case 204 and the outer sleeve
206 together form an outer member. Each clutch plate
208 of the one or more clutch plates 208 is provided at
anangle a. The angle a is defined between an aft surface
208a of the clutch plate 208 and an axis 209 normal to
the centerline axis 112.

[0049] FIGS. 8 to 10B illustrate the inner sleeve 210
and the outer sleeve 206 of the pitch lock system 200. A
single clutch plate 208 is illustrated for clarity, however,
additional clutch plates may be provided, such as shown
in FIG. 7. As shown in the detail 900 of FIGS. 9A and 9B,
the outer sleeve 206 has one or more outer sleeve
grooves 244 provided on a radially inner surface 246 of
the outer sleeve 206. As shown in FIGS. 10A and 10B,
the inner sleeve 210 has one or more inner sleeve
grooves 240 provided on a radially outer surface 242 of
the inner sleeve 210. The inner sleeve 210 includes one
or more axial slots 243 extending into the grooved portion
218 of the inner sleeve 210. Referring back to FIG. 8,
each clutch plate 208 is aligned with one of the inner
sleeve grooves 240 and one of the outer sleeve grooves
244 such that the clutch plate 208 is received within the
inner sleeve 210 and the outer sleeve 206.

[0050] FIG. 11 illustrates a perspective view of the
clutch plate 208. The clutch plate 208 is annular such
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that the clutch plate 208 may be provided around the
inner sleeve 210. An inner surface 248 of the clutch plate
208 engages the inner sleeve groove 240 of the inner
sleeve 210. An outer surface 250 of the clutch plate 208
engages the outer sleeve groove 244 of the outer sleeve
206. A plurality of cutouts 252 are provided in the clutch
plate 208 to allow for relative axial movement of the clutch
plate 208 as will be described in more detail to follow.
[0051] During engine operation, the third chamber 152
is in an initial condition that is pressurized. That is, fluid
is provided in the third chamber 152 and fluid is provided
in the first conduit 154, the passage 156, the passage
226, and the conduit 228, collectively referred to as a
pitch lock line 229. When there is a hydraulic failure as
described previously, it is desired to lock the inner shaft
114 such that movement of the blades in the aft direction
or fine direction is not permitted. This is accomplished
automatically upon occurrence of the hydraulic failure,
dueto the third chamber 152 having the same fluid source
as the coarse and fine chambers. Thus, when the pitch
actuator experiences loss in pressure, so too will the pitch
lock system 200, which will then activate. For example,
and referring to FIGS. 6 to 11, when a failure, the third
chamber 152 and the pitch lock line 229 become depres-
surized due to pressure drop in the oil (e.g., supply to the
third chamber 152 and the pitch lock line 229 ceases).
[0052] The biasing member 234 (FIG. 7), is preloaded
such that, in an initial condition, e.g., with normal opera-
tion of the pitch actuator (e.g., when the third chamber
152 is pressurized), the biasing member 234 provides a
force in the forward direction on the aft surface 236 of
the case 204. Once the pressure in the third chamber
152 drops in response to the hydraulic failure, the
preloaded force on the aft surface 236 causes the distal
sleeve 230, the lock nut 232, and the inner sleeve 210
to move in the axial direction A in the aft direction with
respect to the case 204. The movement of the inner
sleeve 210 in the aft direction also causes the one or
more clutch plates 208 to move axially in the aft direction.
Because the one or more clutch plates 208 are radially
constrained between the inner sleeve 210 and the outer
sleeve 206, movement of the inner sleeve 210 causes
only a lower portion of the one or more clutch plates 208
(coupled to the inner sleeve 210) to move in the aft di-
rection, while an upper portion of the plates (coupled to
outer sleeve 206) remains fixed. This causes an angle
of the plates with respect to a direction normal to the
centerline axis 112 (e.g., the radial direction R shown in
FIG. 1) to change when the pitch lock system 200 is ac-
tivated.

[0053] The movement of the one or more clutch plates
208 is shown in FIGS. 12A to 14B. In FIGS. 12A and
12B, the pitch lock system 200is in a disengaged position
1200. This is the initial condition of the pitch lock system
200 when the pitch actuator is operated properly and the
hydraulic linear actuator is properly pressurized. In FIGS.
13A and 13B, the pitch lock system 200 is in a first en-
gaged position 1300 and the CTM is equal to zero. In
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FIGS. 14A and 14B, the pitch lock system 200 is in a
second engaged position 1400 and the CTM is at a max-
imum.

[0054] Inthe disengaged position of the pitch lock sys-
tem 200 (e.g., FIGS. 12A and 12B), a gap 211 exists
between the inner sleeve 210 and the inner shaft 114.
The gap 211 allows movement of the inner shaft 114
relative to the pitch lock system 200 in the forward/coarse
direction and in the aft/fine direction to effectuate pitch
changed of the blades, as described previously. In the
engaged position of the pitch lock system 200 (see, e.g.,
FIGS. 13A to 14B), the gap 211 is closed. This is due to
the angle a (FIG. 6) of the one or more clutch plates 208
decreasing when the pitch lock system 200 is engaged.
When the pressure in the third chamber 152 is reduced,
the biasing member 234 moves the case 204 in the axially
forward direction, which in turn also moves the top portion
of the one or more clutch plates 208 in the axially forward
direction. The axial movement of the one or more clutch
plates 208 causes the angle o to decrease.

[0055] As the angle a decreases, the one or more
clutch plates 208 are oriented more vertically with respect
to the axis 209. From the disengaged position 1200 to
the first engaged position 1300, this causes the gap 211
to close. That is, the more vertical clutch plates 208 in
the first engaged position 1300 as compared to the dis-
engaged position 1200 cause the inner sleeve 210 to
move radially inward toward the inner shaft 114, thus
closing the gap 211. A force Fi is beginning to be initiated
by the one or more clutch plates 208. As pressure con-
tinues to drop in the third chamber 152, the biasing mem-
ber 234 continues to move the case 204 in the axially
forward direction, thus, further moving the top portion of
the one or more clutch plates 208 in the axially forward
direction. This causes the pitch lock system 200 to move
from the first engaged position 1300 to the second en-
gaged position 1400. The one or more clutch plates 208
are now more vertical than in the first engaged position
1300 and a force F, exerted on the case 204 and the
inner sleeve 210 is greater than in the first engaged po-
sition 1300. The friction force Fi and the friction force F,
prevent motion of the inner shaft 114 in the aft direction.
[0056] Because the one or more clutch plates 208 are
angled toward the forward direction from a top of the
clutch plate 208 to the bottom of the clutch plate 208,
motion of the inner shaft 114 in the forward direction is
still permitted. That is, if the inner shaft 114 is moved
forward to cause the blades to effectuate the coarse pitch
of the plates, the angle a increases reducing the friction
force and allowing motion. However, when the inner shaft
114 again moves aft, the angle a decreases to the first
engaged position 1300 and then the second engaged
position 1400 and further movement in the aft direction
is prohibited.

[0057] The angle a4 of the disengaged position 1200
is greater than each of the angle a, in the first engaged
position 1300 and the angle a5 in the second engaged
position 1400. The angle of each of the one or more clutch
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plates 208 with respect to the axis 209 is constrained at
the upper limit by the angle of friction determined by the
coefficient of friction of the inner sleeve 210, the inner
shaft 114, and between the inner sleeve 210 and the
inner shaft 114. The angle of each of the one or more
clutch plates 208 with respect to the axis 209 is con-
strained at the lower limitby zero. That s, the clutch plates
208 may not have a negative angle such that the clutch
plates 208 are angled on the opposing side of the axis
209. The angle a4, a,,, and ag may be between zero and
thirty degrees. In one example, the angle oy may be 13.1
degrees, the angle o, may be 11.3 degrees andthe angle
oq May be 5.7 degrees.

[0058] When the third chamber 152 and the pitch lock
line 229 are again pressurized (e.g., the hydraulic failure
has been corrected), the pitch lock system 200 returns
tothe disengaged position and relative motion ofthe inner
shaft 114 in the forward direction and in the aft direction
is permitted.

[0059] Accordingly, the pitch lock system 200 provides
the ability to prevent or to prohibit motion of the inner
shaft 114 in the fine direction, or aft direction, thus pre-
venting the fan blades from rotating toward a fine pitch.
[0060] FIGS. 15 to 18 illustrate perspective views of a
hub assembly 300 that may be used in the gas turbine
engine 10 shown in FIG. 1. That is, the hub assembly
300 may be used in place of the hub assembly 53 shown
in FIG. 1 to control the pitch of the fan blades 54 shown
in FIG. 1. FIG. 16 illustrates a partial cross-sectional view
of the hub assembly 300 taken along the centerline axis
312 in FIG. 15. FIG. 17 illustrates an enlarged view of a
portion of FIG. 16. FIG. 18 illustrates another cross-sec-
tional view of the hub assembly 300. The hub assembly
300 and the hub assembly 100 each shows a different
pitch actuator for changing the pitch of the blades. The
pitch lock system shown in FIGS. 15 to 18 may, however,
be employed with the hub assembly 100 (in lieu of the
pitch lock system 200) and vice versa.

[0061] Referring to FIG. 15, the hub assembly 300 in-
cludes a plurality of trunnions 302 for coupling to a re-
spective blade (omitted from FIG. 15 for clarity, although
this may be the fan blade 54 shown in FIG. 1). Each
trunnion 302 is coupled by a link 304 to a flange 306. In
operation, as will be described in more detail to follow,
movement of the flange 306 in the axial direction A along
the centerline axis 312 moves the plurality of links 304
in the axial direction A to rotate each of the trunnions 302
adirection Rabouta central blade axis 357 of each blade.
Each link 304 includes a rack locknut 310, a first rack
3044a, a second rack 304b, and a pinion 303.

[0062] The hub assembly 300 includes an inner shaft
314, a plug 316, and cylinder 318, all fixedly coupled to
the flange 306. Although shown coupled with bolts, other
connections are contemplated, including a unitary con-
struction with flange 306. The cylinder 318 extends cir-
cumferentially around, with respect to the centerline axis
312, and outer surface of a pitch lock system 400. As will
be described in more detail to follow, the cylinder 318 is
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an outer race of the pitch lock system 400 and forms an
outer member of the pitch lock system 400. A piston 322
is coupled to the cylinder 318. An oil sleeve 324 formed
of a first portion 324a, a second portion 324b, and a third
portion 324c is located circumferentially around an outer
surface of the piston 322. Located within the piston 322
is an oil transfer tube 330.

[0063] Referring briefly to FIGS. 15 and 18, the hub
assembly 300 forms a number of chambers to allow con-
trol of the pitch of the blades (e.g., the fan blades 54 in
FIG. 1). Afirst chamber 332, a second chamber 342, and
athird chamber 352 (FIGS. 16 and 18). The first chamber
332 is also referred to herein as a coarse chamber 332
or a feather chamber 332. The second chamber 342 is
also referred to as afine chamber 342. The third chamber
352 is also referred to as an on/off switch chamber 352.
[0064] The hub assembly 300 is controlled to alter a
pitch of a blade (e.g., the fan blade 54 of FIG. 1) about
the central blade axis 357 (e.g., the central blade axis 57
of FIG. 1). During operation, fluid may be supplied to or
removed from either the first chamber 332 or the second
chamber 342 to affect movement in the axial direction A.
For example, when fluid is supplied to the first chamber
332, the cylinder 318, the plug 316, and the flange 306
move in the forward direction along the axial direction A
away from the inner shaft 314, the piston 322, and the
pitch lock system 400, which move in the aft direction
along the axial direction A. This movement causes move-
ment of the second rack 304b in a forward direction and
movement of the first rack 304a in the aft direction (due
to the interaction with the pinion 303) to rotate the trun-
nion 302. Thus, when the second rack 304b moves in
the forward direction, the trunnions 302 rotate in the di-
rection R such that the blades have a coarse pitch. When
fluid is supplied to the second chamber 342, the cylinder
318, the plug 316, and the flange 306 move in the aft
direction along the axial direction A toward the inner shaft
314, the piston 322, and the pitch lock system 400, which
move in the forward direction along the axial direction A.
This movement causes movement of the second rack
304b in an aft direction and movement of the first rack
304a in the forward direction (due to the interaction with
the pinion 303) to rotate the trunnion 302 in the opposition
direction of rotation as the coarse motion. Thus, when
the second rack 304b moves in the aft direction, the trun-
nions 302 rotate in the direction R such that the blades
have a fine pitch. The aforementioned assembly is also
referred to herein as a pitch actuator as this is the system
that effectuates change of the pitch of the fan blades.
[0065] The hub assembly 300 is formed in a manner
that allows the transition from coarse to fine to be repeat-
able multiple times. Through this system, a predeter-
mined pitch or a desired pitch of the blades may be
achieved through control of the fluid to the first chamber
332 and the second chamber 342.

[0066] As mentioned with respect to the hub assembly
100, due to the CTM of the blades acting on the central
blade axis 357, the hub assembly 300 tends to pull to the
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fine position. That is, the moment caused by the CTM of
the blades acts toward the aft direction to move the cyl-
inder 318, the plug 316, and the flange 306 toward the
aft direction. Thus, if there is a hydraulic failure in the
pitch actuator, the blades will move to the fine position.
In order to prevent this undesired movement to the fine
position, the pitch lock system 400 is provided. The pitch
lock system 400 activates automatically when a hydraulic
failure occurs in the pitch actuator to prevent the blades
from moving more toward the fine position than the po-
sition of the blade when the hydraulic failure occurs.
[0067] Referringto FIGS. 15 and 16, the pitch lock sys-
tem 400 includes a first row of roller elements 402 and a
second row of roller elements 404 held within a cage 406.
The roller elements 402 and the roller elements 404 are
also referred to herein as clutch elements. An inner sur-
face 334 of the cylinder 318 acts as an outer race for the
roller elements 402 and the roller elements 404. An inner
race 405 is provided on the inner shaft 314. The inner
race 405 is also referred to as an inner member 405, and
includes a first angled surface 408 and a second angled
surface 410. The first row of roller elements 402 is con-
strained between the first angled surface 408 and the
inner surface 334 of the cylinder 318. The second row of
roller elements 404 is constrained between the second
angled surface 410 and the inner surface 334 of the cyl-
inder 318. The first angled surface 408 and the second
angled surface 410 form ramps for the roller elements
402 and the roller elements 404, respectively. A first bi-
asing member 412 acts upon the first row of roller ele-
ments 402 and a second biasing member 414 acts upon
the second row of roller elements 404.

[0068] During engine operation, the third chamber 352
is in an initial condition that is pressurized. When there
is a hydraulic failure as described previously, it is desired
to lock aft movement of the hub assembly 300 such that
movement of the blades in the aft direction or the fine
direction is not permitted. This is accomplished automat-
ically upon occurrence of the hydraulic failure, due to the
third chamber 352 having the same fluid source as the
coarse chamber and the fine chamber. For example, and
referring to FIGS. 15 to 18, when a hydraulic failure oc-
curs, the third chamber 352 and the pitch lock line be-
come depressurized due to pressure drop in the oil (e.g.,
supply to the third chamber 352 and the pitch lock line
ceases).

[0069] The first biasing member 412 and the second
biasing member 414 are preloaded such that in an initial
condition, e.g., with a normal operation of the pitch actu-
ator (e.g., when the third chamber 352 is pressurized),
the biasing members are compressed between the roller
elements and the cage 406. Once the pressure in the
third chamber 352 drops in response to the hydraulic
failure, the preloaded force of the basing members caus-
es the roller elements to move aft, up the angled surfaces
408, 410, to be compressed between the biasing mem-
bers and the cage 406. A gap (not shown) exists between
the roller elements 402, 404 and the inner surface 334
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when the pitch lock system 400 is disengaged. The move-
ment of the roller elements 402, 404 aft and radially out-
ward causes the roller elements 402, 404 to close the
gap and become constrained between the inner surface
334 of the cylinder 318 and the inner race 405. The bi-
asing members 412, 414 maintain the roller elements
402, 404 in this constrained condition. This prevents mo-
tion of the inner shaft 314 and attached parts in the aft
direction to the fine pitch position.

[0070] ReferringtoFIG.17,an angle 3, exists between
the inner surface 334 of the cylinder 318 and the first
angled surface 408. An angle B, exists between the inner
surface 334 of the cylinder 318 and the angled surface
410. The angles B4 and B, are constrained at the upper
limit by the angle of friction determined by the coefficient
of friction of the angled surface 408 (for angle B4), the
second angled surface 410 (for angle B,), the inner sur-
face 334, between the first angled surface 408 and the
inner surface 334 (for angle ), and between the second
angled surface 410 and the inner surface 334 (for angle
B,). The angle 34 and B, may be between zero and thirty
degrees. Although a first row of roller elements 402 and
a second row of roller elements 404 are described, only
a single row may be provided, and, thus, a single angled
surface and a single biasing member provided. In some
examples, more than two rows of roller elements, biasing
members, and angled surfaces are provided.

[0071] Accordingly, the aforementioned pitch lock sys-
tem 200 and the pitch lock system 400 provide a one-
way clutch to prevent relative axial motion in a single
direction, while allowing relative axial motion in the op-
posing direction. Although the pitch lock systems of the
present disclosure are disclosed to prevent axial motion
in the aft direction, the pitch lock system may be oriented
such that axial motion in the forward direction is prevent-
ed. That is, for example, the angle of the clutch plates
and the angled surfaces may be reversed to provide a
one-way clutch in the opposite direction.

[0072] Thefluid forthe firstchamber, the second cham-
ber, and the third chamber described herein may be oil.
The source of the oil may be the same for each of the
first chamber, the second chamber, and the third cham-
ber. The biasing members described herein may be
springs, such as compression springs, or other known
biasing members, including, but not limited to torsional
springs, shape memory alloys, etc. Although a single bi-
asing member is shown, more than one biasing member
may be provided circumferentially around the centerline
axis.

[0073] The aforementioned pitch lock systems are de-
scribed as being activated upon hydraulic failure, that is,
loss of hydraulic pressure, to the pitch actuator (e.g., to
any one or more of the coarse and fine chambers). In
some examples, the pitch lock system may also be acti-
vated upon any detection of an inability of the pitch ac-
tuator to maintain the fan blades at the predetermined
pitch.

[0074] Therefore, the present disclosure provides a
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one-way linear pitch lock system. The pitch lock system
may include a one-way linear clutch capable to mechan-
ically ensure pitch lock of the fan blades. That is, the
clutch plates and the roller elements form a one-way lin-
ear clutch. When the pitch actuator is operating normally,
the pitch lock system is disengaged, the chamber is pres-
surized, and the springs are energized. When the pres-
sure is lost in the chamber, the pitch lock system engag-
es. The system accommodates continuous axial move-
ments in both axially forward and axially aft directions
until the pitch lock system is engaged. The system relies
on elements (clutch plates or roller elements) that are
wedged between two members to prevent axially aft
movement of the pitch system and, thus, to pitch lock the
fan blades.

[0075] Furthermore, the pitch lock systems of the
present disclosure provide a reliable system with a low
part count, a lightweight system, a system layout that
allows efficient and easy replacement of the pitch lock
system and elements thereof, clutch elements capable
of both being back driven by the inner member and struc-
turally adequate for reacting to blade loads, and a me-
chanical clutch that may be applied also to other pitch
actuators such as those with links, yoke and pins, etc.
[0076] Further aspects are provided by the subject
matter of the following clauses.

[0077] A pitch lock system includes an outer member
having a centerline axis, aninnermember located radially
inward of the outer member with respect to the centerline
axis, and a plurality of clutch elements located between
the outer member and the inner member, the pitch lock
system having a disengaged position and an engaged
position, and, in the engaged position, the plurality of
clutch elements are constrained between the inner mem-
ber and the outer member such that relative axial direc-
tion of the plurality of clutch elements is permitted in only
one direction.

[0078] The pitch lock system of the preceding clause,
further including a biasing member configured to bias the
plurality of clutch elements to the engaged position.
[0079] The pitch lock system of any preceding clause,
further including an on/off chamber that is pressurized in
the disengaged position and depressurized in the en-
gaged position.

[0080] The pitch lock system of any preceding clause,
in the engaged position, the pitch lock system preventing
movement of a pitch actuator in a fine direction and allows
movement of the pitch actuator in a coarse direction, and,
in the disengaged position, the pitch lock system allows
movement of the pitch actuator in the fine direction and
in the coarse direction.

[0081] The pitch lock system of any preceding clause,
further including a gap in the pitch lock system, the gap
being open in the disengaged position and closed in the
engaged position.

[0082] The pitch lock system of any preceding clause,
the plurality of clutch elements including a plurality of
roller elements.
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[0083] The pitch lock system of any preceding clause,
the inner member including an angled surface for the
plurality of roller elements.

[0084] The pitch lock system of any preceding clause,
further including a gap between the plurality of clutch
elements and the outer member, the gap being open in
the disengaged position and closed in the engaged po-
sition.

[0085] The pitch lock system of any preceding clause,
the plurality of clutch elements including a plurality of
clutch plates.

[0086] The pitch lock system of any preceding clause,
further including a gap between the inner member and a
pitch actuator, the gap being open in the disengaged po-
sition and closed in the engaged position.

[0087] The pitch lock system of any preceding clause,
the plurality of clutch elements being at an angle with
respect to an axis normal to the centerline axis.

[0088] The pitch lock system of any preceding clause,
the angle being greater in the disengaged position than
in the engaged position.

[0089] The pitch lock system of any preceding clause,
the inner member including an inner sleeve having a plu-
rality of grooves.

[0090] The pitch lock system of any preceding clause,
the outer member including an outer sleeve having a plu-
rality of grooves.

[0091] The pitch lock system of any preceding clause,
the plurality of clutch elements being constrained within
a plurality of grooves on the inner member and the outer
member.

[0092] The pitch lock system of any preceding clause,
the outer member including a case extending circumfer-
entially around the plurality of clutch elements.

[0093] The pitch lock system of the preceding clause,
further including a biasing member, the biasing member
being constrained between a distal sleeve and an aft sur-
face of the case.

[0094] The pitch lock system of any preceding clause,
further including an on/off chamber located between a
forward surface of the case and a surface of the inner
sleeve.

[0095] The pitch lock system of any preceding clause,
further including a pitch lock line configured to supply the
on/off chamber with pressurized fluid.

[0096] The pitch lock system of any preceding clause,
the inner member being an inner race having an angled
ramp surface.

[0097] The pitch lock system of any preceding clause,
the plurality of clutch members including a first circum-
ferential row of roller elements and a second circumfer-
ential row of roller elements.

[0098] The pitch lock system of any preceding clause,
further including a gap between the plurality of clutch
elements and the outer member.

[0099] The pitch lock system of any preceding clause,
further including a cage configured to secure the plurality
of clutch elements on the inner member.

15

20

25

30

35

40

45

50

55

12

[0100] An engine includes a hydraulic pitch actuator
configured to change a pitch of a fan blade of the engine,
and a mechanical pitch lock system including an outer
member having a centerline axis, an inner member lo-
cated radially inward of the outer member with respect
to the centerline axis, and a plurality of clutch elements
located between the outer member and the inner mem-
ber, the mechanical pitch lock system having a disen-
gaged position and an engaged position, and, in the en-
gaged position, the plurality of clutch elements are con-
strained between the inner member and the outer mem-
ber such that relative axial direction of the plurality of
clutch elements is permitted in only one direction.
[0101] The engine of the preceding clause, further in-
cluding a biasing member configured to bias the plurality
of clutch elements to the engaged position.

[0102] The engine of any preceding clause, further in-
cluding an on/off chamber that is pressurized in the dis-
engaged position and depressurized in the engaged po-
sition.

[0103] The engine of any preceding clause, in the en-
gaged position, the mechanical pitch lock system pre-
venting movement of the hydraulic pitch actuator in a fine
direction and allows movement of the hydraulic pitch ac-
tuator in a coarse direction, and, in the disengaged po-
sition, the mechanical pitch lock system allows move-
ment of the hydraulic pitch actuator in the fine direction
and in the coarse direction.

[0104] The engine of any preceding clause, the plural-
ity of clutch elements being a plurality of clutch plates or
a plurality of roller elements.

[0105] The engine of any preceding clause, further in-
cluding a gap in the mechanical pitch lock system, the
gap being open in the disengaged position and closed in
the engaged position.

[0106] The engine of any preceding clause, the hy-
draulic pitch actuator including an inner shaft, and the
gapislocated between the inner shaftand the inner mem-
ber.

[0107] The engine of any preceding clause, the gap
being located between the plurality of clutch elements
and the outer member.

[0108] The engine of any preceding clause, the pitch
actuator further including a coarse chamber and a fine
chamber, hydraulic failure to one of the coarse chamber
or the fine chamber activating the pitch lock system.

[0109] The engine of any preceding clause, the inner
member including an inner sleeve having a plurality of
grooves.

[0110] The engine of any preceding clause, the outer
member including an outer sleeve having a plurality of
grooves.

[0111] The engine of any preceding clause, the plural-

ity of clutch elements being constrained within a plurality
of grooves on the inner member and the outer member.
[0112] The engine of any preceding clause, the outer
member including a case extending circumferentially
around the plurality of clutch elements.
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[0113] The engine of the preceding clause, further in-
cluding a biasing member, the biasing member being
constrained between a distal sleeve and an aft surface
of the case.

[0114] The engine of any preceding clause, further in-
cluding an on/off chamber located between a forward
surface of the case and a surface of the inner sleeve.
[0115] The engine of any preceding clause, further in-
cluding a pitch lock line configured to supply the on/off
chamber with pressurized fluid.

[0116] The engine of any preceding clause, the inner
member being an inner race having an angled ramp sur-
face.

[0117] The engine of any preceding clause, the plural-
ity of clutch members including a first circumferential row
of roller elements and a second circumferential row of
roller elements.

[0118] The engine of any preceding clause, further in-
cluding a gap between the plurality of clutch elements
and the outer member.

[0119] The engine of any preceding clause, further in-
cluding a cage configured to secure the plurality of clutch
elements on the inner member.

[0120] Although the foregoing description is directed
to the preferred embodiments of the present disclosure,
other variations and modifications will be apparent to
those skilled in the art and may be made without depart-
ing from the spirit or the scope of the disclosure. More-
over, features described in connection with one embod-
iment of the present disclosure may be used in conjunc-
tion with other embodiments, even if not explicitly stated
above.

Claims
1. A pitch lock system (200, 400) comprising:

an outer member (204, 206, 318) having a cen-
terline axis (112, 312);

an inner member (210, 405) located radially in-
ward of the outer member (204, 206, 318) with
respect to the centerline axis (112, 312); and

a plurality of clutch elements (208, 402, 404) lo-
cated between the outer member (204, 206,
318) and the inner member (210, 405),
wherein the pitch lock system (200, 400) has a
disengaged position and an engaged position,
and, in the engaged position, the plurality of
clutch elements (208, 402, 404) are constrained
between the inner member (210, 405) and the
outer member (204, 206, 318) such that relative
axial direction of the plurality of clutch elements
(208,402,404)is permitted in only one direction.

2. The pitch lock system (200, 400) of claim 1, further
comprising a biasing member (234, 412, 414) con-
figured to bias the plurality of clutch elements (208,
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402, 404) to the engaged position.

The pitch lock system (200, 400) of any preceding
claim, further comprising an on/off chamber (152,
352) that is pressurized in the disengaged position
and depressurized in the engaged position.

The pitch lock system (200, 400) of any preceding
claim, wherein, in the engaged position, the pitch
lock system (200, 400) prevents movement of a (58,
66) in a fine direction and allows movement of the
(58, 66) in a coarse direction, and, in the disengaged
position, the pitch lock system (200, 400) allows
movement of the (58, 66) in the fine direction and in
the coarse direction.

The pitch lock system (200, 400) of any preceding
claim, further comprising a gap in the pitch lock sys-
tem (200, 400), wherein the gap is open in the dis-
engaged position and closed in the engaged posi-
tion.

The pitch lock system (400) of any preceding claim,
wherein the plurality of clutch elements (402, 404)
comprise a plurality of roller elements (402, 404).

The pitch lock system (400) of claim 6, wherein the
inner member (405) comprises an angled surface
(408, 410) for the plurality of roller elements (402,
404).

The pitch lock system (400) of claim 6 or claim 7,
further comprising a gap between the plurality of
clutch elements (402, 404) and the outer member
(318), wherein the gap is open in the disengaged
position and closed in the engaged position.

The pitch lock system (200) of any of claim 1 to claim
5, wherein the plurality of clutch elements (208) com-
prise a plurality of clutch plates (208).

The pitch lock system (200) of claim 9, further com-
prising a gap (211) between the inner member (210)
and a (58, 66), wherein the gap (211) is open in the
disengaged position (1200) and closed in the en-
gaged position (1300, 1400).

The pitch lock system (200) of claim 9 or claim 10,
wherein the plurality of clutch elements (208) are at
an angle with respect to an axis (209) normal to the
centerline axis (112).

The pitch lock system (200) of claim 11, wherein the
angle is greater in the disengaged position (1200)

than in the engaged position (1300, 1400).

An engine (10) comprising:



14.

15.

25 EP 4 400 416 A1

a hydraulic pitch actuator (58, 66) configured to
change a pitch of a fan blade (54) of the engine
(10); and

the pitch lock system (200, 400) according to
any preceding claim.

The engine (10) of claim 13, wherein, in the engaged
position, the pitch lock system (200, 400) prevents
movement of the hydraulic pitch actuator (58, 66) in
afine direction and allows movement of the hydraulic
pitch actuator (58, 66) in a coarse direction, and, in
the disengaged position, the pitch lock system (200,
400) allows movement of the hydraulic pitch actuator
(58, 66) in the fine direction and in the coarse direc-
tion.

The engine (10) of claim 13 or claim 14, further com-
prising a gap in the pitch lock system (200, 400),
wherein the gap is open in the disengaged position
and closed in the engaged position, and wherein (i)
the hydraulic pitch actuator (58, 66) comprises an
inner shaft (114), and the gap (211) is located be-
tween the inner shaft (114) and the inner member
(210) or (ii) the gap is located between the plurality
of clutch elements (402, 404) and the outer member
(318).
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